Abstract
Microalgae are photosynthetic microorganisms that can be used as feedstock for biofuels 2 and biopolymers, in processes for wastewater treatment and as sources of pharmaceutical 3 products and food supplements [1] [2] [3] [4] [5] . Microalgae are typically grown in defined media or 4 wastewaters that contain essential macronutrients (N and P) and micronutrients (e.g. Mg and Ca) 5 [6-8]. The roles of N and P are well known -they are used in the synthesis of cellular proteins 6 and nucleotides [9, 10] . Of the essential micronutrients, Mg is a key component in light 7 harvesting pigments and is known to contribute to the structural stability of these molecules [11] . 8 Mg also catalyzes reactions of the CO 2 fixing enzyme complex, RuBisCo [12] . Ca is another 9 essential micronutrient and serves to crosslink pectin polymers (i.e. homogalacturonans) to form 10 rigid gels in microalgae cell walls [13] . Pectin structure/chemistry can influence cell properties 11 such as cell expansion, cell-cell adhesion and cell wall permeability/porosity [14] [15] [16] .
12
Nutrient deprivation/deficiency is generally expected to inhibit microalgae growth. For Cell concentrations (cells/mL) and size were assessed using a portable FlowCAM involved pumping 1 mL culture samples (10× diluted) at 0.2 mL/min using 1 mL syringe pump 2 through a flow cell (100 µm × 2mm) where image-data was acquired using a white LED light 3 source under 100× magnification. The system was flushed with de-ionized (DI) water prior to 4 each sample run. The software was set to calibrate the background using the first data frame and 5 define the particles by a segmentation threshold for both dark and light pixels which was set to a 6 value of 20. The distance to nearest neighbor and auto image rate were set to 3 µm and 20 frames 7 per second, respectively. The cell concentrations and sizes (as equivalent spherical diameters) 8 were estimated from image analysis. The chlorophyll fluorescence yield of PSII was determined using a Dual-PAM-100 21 measuring system (Walz, Germany), following the procedure reported in the literature [37].
22
Briefly, 2 mL of culture was transferred to a quartz cuvette and adapted to dark conditions for 2 M A N U S C R I P T A C C E P T E D 
60 min at 30 °C. Samples were continuously mixed using magnetic stir bars during incubation. (Fig. 3) ). Similar observations have were used for these estimates.
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From Fig. 4a , N consumption rate for Mg L cultures was lower than the control, although 12 biomass growth rates for these cultures were similar (Fig. 1c) . Correspondingly, the Y X/N ( the control (Fig. 4a) , but also produced more biomass (Fig. 1c) such that Y X/N for Ca L cultures 20 was similar to the control (Table 1) .
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Abiotic controls (Fig. 1S) showed no measurable precipitation of Ca and Mg in the media 1 indicating that the decrease in micronutrient concentrations in the cultures was as a result of 2 biological uptake. Consumption of Mg was higher in the Ca L cultures (Fig. 4b) in cessation of cell replication after day 9 (Fig. 1a ) which also coincided with the onset of lipid 14 accumulation (Fig 5a) Table 3 Nabati for her assistance with sample analysis during this project. M A N U S C R I P T
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